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Purpose: Recent studies have used the term "gastroallergic anisakiasis" to describe incidental gastrointestinal infection with Anisakisspp. larvae, 
proposed as a causative agent of food hypersensitivity. However, it is unknown whether this condition represents an independent disease entity dis- 
tinguishable from acute gastric anisakiasis. To better understand the role of the allergic response in Anisakis infections we examined the clinical and 
immunological implications of /In/safes-specific IgE. Methods: A prospective study was performed in a geographic region where the consumption of 
raw seafood is common. Case subjects who had been clinically diagnosed with gastroallergic anisakiasis were selected, along with controls who 
frequently ate raw seafood but had never expehenced gastroallergic anisakiasis-like symptoms. Clinical and immunological features were compared 
based on atopic status, sensitization rates to Anisakis, and serum titer of /In/sa/r/s-specific IgE. Results: Seventeen case subjects and 1 35 controls 
were included in this study The case subjects had expehenced gastrointestinal symptoms after raw seafood ingestion, along with additional muco- 
cutaneous, respiratory, or multisystemic symptoms. Case subjects were significantly sensitized to Anisakis excretory-secretory product and crude ex- 
tract compared with controls (76.5% vs 19.3%, P<0.001, and 88.2% vs 30.3%, P<0.001, respectively). /In/sa/r/s-specific serum IgE titers were also 
significantly higher in case subjects than in controls. Both the results of skin prick tests and elevated /In/sa/r/s-specific IgE titers (> 17.5 kU/L) were 
found to be reliable indicators for the diagnosis of gastroallergic anisakiasis. Conclusions: Among patients presenting acute gasthc anisakiasis- 
like symptoms, a diagnosis of gastroallergic anisakiasis may be strongly supported by a high /4n/sa/r/s-specific IgE titer 
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INTRODUCTION 

Anisakis is a genus of parasitic nematodes belonging to the 
iami[Y Anisakidae. The life cycle of this organism includes free- 
living forms, along with parasitic stages involving crustaceans, 
fish, and marine mammals, including whales, seals, and dol- 
phins. In humans, anisakiasis is an incidental gastrointestinal 
infestation derived from uncooked marine seafood, which is 
caused by parasitization by the third-stage larvae of Anisakis 
simplex or Pseudoterranova decipiens {Anisakis spp.). When 
parasitized seafood is consumed, the Anisakis larvae are nor- 
mally coughed up before they penetrate the mucosa of the gas- 
trointestinal tract. However, when mucosal penetration does 
occur, violent upper abdominal pain with nausea occurs within 
a few hours of ingestion; this is known as acute gastric anisa- 
kiasis. The extraction of larvae via upper endoscopy is the treat- 
ment of choice.'^ Relatively rare cases of acute gastric anisakiasis 
are encoimtered in clinical practice even in geographic regions 
where the consumption of raw marine seafood is habitual, such 
as Jeju in Korea."'^ 



Reports of acute gastric anisakiasis in the literature are extreme- 
ly rare even in the region where raw seafood is consumed, given 
that a large proportion of seafood is infected with Anisakis spp.* '' 
In some cases, clinical symptoms not associated with the gas- 
trointestinal system have been reported. It was suggested that 
the symptoms and signs of anisakiasis are caused by an imme- 
diate, IgE-mediated immunological reaction to Anisakis anti- 
gens, as Anisakis spp.-specific IgE was identified in patients' sera 
after the reaction.^ " This type of food hypersensitivity has been 
referred to as gastroallergic anisakiasis, and is considered dis- 
tinct from acute gastric anisakiasis.'^^'' However, it remains un- 
clear whether gastroallergic anisakiasis constitutes an indepen- 
dent disease distinguishable from acute gastric anisakiasis. 
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In a general hospital in Jeju, Korea, where the consumption of 
raw seafood is common and habitual, we enrolled 17 cases of 
gastroallergic anisakiasis along with a control group consisting 
of patients who had never experienced a reaction to raw seafood, 
despite frequent consumption. We conducted a case control 
study exarnining the clinical and immunological aspects of each 
group, and explored the diagnostic implications of Anisakis- 
specific IgE, and IgE responses to selected antigens. 

MATERIALS AND METHODS 

Case subjects 

Patients presenting to Jeju National University Hospital, Ko- 
rea, between 2006 and 2009, with suspected gastroallergic ani- 
sakiasis, selected by an allergist and were enroDed as case sub- 
jects with informed consents. To qualify, the case subjects had 
to be habitual consumers of raw seafood and have a medically 
observed history of IgE-mediated hypersensitivity reaction. 
Clinical manifestations included one or more of the following 
symptoms within a few hours of ingesting raw seafood: hives, 
swollen face, abdominal pain, shortness of breath, and diarrhea. 
Clinical symptoms had to correlate with the recent consump- 
tion of raw seafood in each individual case; subjects were ex- 
cluded if a causative agent other than Anisakis spp. was speci- 
fied. A detailed clinical history was recorded for each subject. 
Skin prick tests were requested and sera were collected for Ani- 
sakis-speciHc IgE tests. 

Control subjects 

Patients from the allergy clinic at Jeju National University Hos- 
pital were recruited as control subjects for this study, screened 
based on the following simple questions: (1) Have you experi- 
enced an abrupt onset of nausea, vomiting, abdominal pain, or 
diarrhea in the last 5 years? (2) Have you experienced the abrupt 
onset of hives or swelling of the face in the last 5 years? (3) Did 
these symptoms occur immediately (no more than a few hours) 
after consuming raw seafood? (4) Have you ever been diagnosed 
or treated for anisakiasis? 

Subjects who gave appropriate answers to aU questions were 
invited to enroU in the control group with informed consent. Skin 
prick tests and sera for Anisakis spp. -specific IgE tests were re- 
quested from the control subjects as necessary. 

Anisakis spp. antigen preparation for skin prick tests 

The intestines of live sea eels were obtained from a fish market 
in Jeju, Korea. Viable Anisakis worms measuring 0.5 mm in di- 
ameter and 15-20 mm in length were collected from the inter- 
nal walls of the fish intestines and were kept in sterile 0.9% sa- 
line. Species identity was confirmed by a parasitologist. 

Intact, actively moving worms were incubated in saline at 37°C 
for 48 hours. AU of the visible debris and worm bodies were then 
removed by centrifiigation at 15,000 rpm for 30 minutes. The 



supernatant was dialyzed (Spectra/Por MWCO 6,000-8,000) 
with distilled water at 4°C for 12 hours and lyophUized (Heto- 
Holten, Denmark). The lyophUized powder was then resolubi- 
hzed in 0.9% saline to a total protein concentration of 0.3 mg/mL. 
The resulting solution, referred to as the excretory-secretory 
product (ESP) of Anisakis spp., was then mixed with 50% glyc- 
erol in equal volumes and used in the skin tests. 

Non-viable worms collected from the fish intestines were ho- 
mogenized using a cylindrical Teflon pestle (Schuett-biotec 
GmbH, Gottingen, Denmark). After centrifugation at 15,000 
rpm for 30 minutes, the supernatant was dialyzed, lyophUized, 
and then resolubOized to a concentration of 3.0 mg/mL protein, 
as described above. This solution was referred to as the crude 
extract of Anisakis spp. and used for the sldn prick tests. 

Quantification of Anisalds spp.-specific IgE 

Using the ImmunoCAP* (Pharmacia, Uppsala, Sweden) sys- 
tem, Anisakis spp.-specific IgE in each patient's serum was 
measured and expressed as kU/L. IgE levels were then classi- 
fied on a scale of 0-6, (<0.1, 0.35-0.69, 0.70-3.4, 3.5-17.4, 17.5- 
49.9, 50.0-99.9, and > 100, respectively), according to the manu- 
facturer's instructions. Serum titers were further categorized 
into low-(class 0-1), middle-(classes 2-3) and high-(classes 4-6) 
titer groups for the purpose of this study. 

Skin prick tests with ESP, crude extract, and other allergens 

For case subjects, the skin prick tests were delayed for at least 
3 weeks after resolution of clinical symptoms. Skin prick tests 
were performed on the volar side of the forearm using 26-gauge 
disposable needles, including positive (histamine, 1 mg/mL) 
and negative (50% glycerol) controls. The result of each test was 
expressed as the largest diameter of the wheal on the sldn. 

Atopy was defined as a positive reaction (wheal diameter > 3 
mm) to one or more common sensitizing inhalant allergens, 
i.e., Dermatophagoides farinae, D. pteronyssinus, Tyrophagus 
putrescentiae, cockroach, a grass poUen mixture, mugwort, rag- 
weed, Japanese hops, tree poUen mixtures, animal hair mixtures, 
mold mixtures (AUergopharma, Reinbek, Germany), Japanese 
cedar (Greer, Lenoir, NC), and Panonychus citri." 

For skin prick tests using either ESP or crude extract, cut-offs 
for positive tests were defined using receiver operating charac- 
teristic cirrves which measured the sensitivity and true negative 
rates for wheal sizes in both case subjects and controls. 

Statistical analysis 

Values were given as means + SEMs. Significant differences 
were determined with chi-square test or Student's t-test using 
SPSS version 14.0 (SPSS, Chicago, IL, USA). A P value less tiian 
0.05 was considered to indicate a significant difference. 
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RESULTS 

Demographic characteristics of the case and control subjects 

Seventeen cases (mean age, 53 + 16 years; male 58.8%) were 
enrolled in the study. Another 135 subjects (mean age, 37+19; 
male 43.7%) who had not previously experienced any symp- 
toms related to anisakiasis infestation were enrolled as controls 
(Table 1). 

Skin prick tests for common aeroallergens were positive for 7 
cases and 59 control subjects. There was no difference in atopic 
sensitization between the cases and controls (41.2% vs 43.7%, 
respectively; P=0.794). The skin reactivity to histamine controls 
was similar between case and control subjects (6.18 + 2.13 vs 
5.88±2.22 mm, respectively; P=0.60). 

Clinical characteristics of case subjects 

The 17 case subjects reported a range of symptoms affecting 
their mucocutaneous, gastrointestinal, or respiratory systems. 
Symptoms were most frequent in the gastrointestinal system (12 
subjects, 70.5%), followed by the mucocutaneous system (35.3%), 
and the respfratory system (11.8%); three subjects (17.6%) expe- 
rienced multisystemic symptoms. Most subjects were able to re- 
call the seafood dishes, which were extremely diverse, with yel- 
lowtaH being the most common. Thirteen subjects (76.5%) had 
never experienced anisakiasis-like symptoms prior to this event, 
whereas the other four patients had experienced repeated inci- 
dents. Upper endoscopy was performed in 4 cases; larvae were 
detected in only one case; however, gastric mucosal erosions 
were evident in aU 4 patients. Two larvae were removed from a 
single case, then epigastric pain subsided. In patients experienc- 
ing acute urticaria or angioedema, all of the diagnostic tests for 
food hypersensitivity were negative, though not all patients re- 
ceived the fuU range of diagnostic tests (Table 2). 



Table 1. Demographic and immunological characteristics of gastroallergic pa- 
tients and controls 





Cases {n=17) 


Controls (n = 135) 


P 


Age 


53+16 


37 + 19 


<0.001 


Male sex(%) 


10(58.8) 


59 (437) 


0.238 


Atopy (%) 


7(41.2) 


59 (43.7) 


0794 


Positive control (mm) 


B.18+2.13 


5.88+2.22 


0.600 


ESP (mm) 


482 + 3.05 


1.57+2.76 


<0.001 


ESP positive (%) 


13(76.5) 


26(19.3) 


<0.001 


Crude (mm) 


8.06+5.40 


3.00+5.36 


<0.001 


Crude positive (%) 


15(88.2) 


41 (30.3) 


<0.001 


4n/sa/f/s-specific IgE 


n=14 


n=29 


<0.001 


Class 0-1 (%) 


0(0) 


18(62.1) 




Class 2-3 (%) 


3(21.4) 


6(20.7) 




Class 4-B(%) 


11(78.6) 


5(17.2) 





ESP, excretory secretory product of Anisakis spp.; Crude, crude extracts of Ani- 
sakisspp. 



Comparison of the sensitization rates to Anisakis spp. in the 
case and control subjects 

In skin prick tests, case subjects produced larger wheals in re- 
sponse to ESP and crude extract than controls. The mean wheal 
size in response to ESP was 4.82+3.05 mm in the case subjects 
compared to 1 .57 + 2.76 mm in controls (P< 0.001). Using a wheal 
size measurement of > 4 mm as an arbitrary definition of a pos- 
itive reaction, 76.5% of case subjects and 19.3% of controls ex- 
hibited positive reactions to ESP (P< 0.001). 

The wheals produced in response to crude extract were also 
significantly larger in case subjects than in controls (8.06 + 5.40 
vs 3.00 + 5.36 mm, respectively; P< 0.001). Using the same defi- 
nition for a positive reaction as before, 88.2% of the case subjects 
and 30.3% of controls exhibited positive reactions (Table 1). 
Compared to the reactivity seen against standardized aeroaller- 
gens, the optimal concentrations of ESP and crude extract for 
use in sldn prick tests may be lower than those used in this study. 

Comparison of serum jAn/sate spp. -specific IgE in the case and 
control subjects 

The serum concentration of Anisakis spp.-specific IgE was 
measured in 14 case and 29 control subjects. Case subjects ex- 
hibited significantly higher concentrations Anisakis spp.-spe- 
cific IgE (P<0.001). Among case subjects, aU serum IgE con- 
centration was categorized as class 2 or higher; three cases were 
seen for classes 2-3 (21.4%), and 11 cases were seen for classes 
4-6 (78.6%). By contrast, more than half of the control subjects 
were categorized as low titer: 18 patients in classes 0-1 (62.1%), 
6 patients in classes 2-3 (20.7%), and 5 patients in classes 4-6 
(17.2%; Tablet). 

Clinical implications of immunological tests for the diagnosis 
of gastroallergic anisakiasis 

The sensitivity and specificity of each immunological test was 
calculated using Anisakis spp.-specific IgE. A wheal size of >4 
mm was defined as the cutoff for positivity in the skin prick tests, 
and the low (classes 0-1) and high (classes 4-6) titers groups for 
serum Anisakis spp.-specific IgE were measured using Immu- 
noCAP. AU of the immunological tests performed in this study 
were reliable with both high sensitivity and specificity; howev- 
er, the more broadly defined high-titer group (classes 4-6) for 
Anisakis spp.-specific IgE, as measured using ImmunoCAP, may 
be the most useful diagnostic test. This method could therefore 
be used to rule out gastroallergic anisakiasis in patients pre- 
senting with typical clinical manifestations and a low serum IgE 
titer (classes 0-1) (Table 3). 

DISCUSSION 

Incidental infestations Anisakis spp. in the human gastroin- 
testinal tract are often seen in areas where the consumption of 
raw seafood is common, such as Japan and Korea. In contrast 
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Table 2. Clinical characteristics and immunological responses in 17 gastroallergic anisakiasis cases 



ID 



Sex/ 



Clinical features 



Wheal diameter in skin 
pricktests to Anisakis 
spp. (mm) 



Specif icIgE to Atopic 
/In/safes spp. status 







Symptoms 


No. of 
incidence 


Related 
seafood 


Additional 
information 


ESP 


Crude 


Positive 
control 


kU/L 


Class 


No 


1 


M/65 


Urticaria, angioedema 


1 


Diverse fish 


Negative skin test to fish 


1 


6 


6 


22.8 


4 


No 


2 


F/32 


Nausea, vomiting 


3 


Diverse fish 


Multiple erosions in upper 
endoscopy 


5 


7 


12 


100 


6 


Yes 


3 


F/6B 


Abdominal pain 


1 


Spotty belly 
greenling 


Single erosion in upper 
endoscopy 


9 


10 


7 


92.4 


5 


No 


4 


M/80 


Abdominal pain 


1 


Yellowtail 




5 


6 


7 


41.2 


4 


Yes 


5* 


M/31 


Abdominal pain, 
diarrhea 


>5 


Diverse fish 


Normal upper endoscopy 


5 


24 


7 






Yes 


6 


M/28 


Abdominal pain 


1 


Yellowtail 




4 


6 


7 






No 


7 


F/67 


Ahdnminal nain 

/^UkJUL IIIIICJI kJUIII, 

urticaria 


2 


Qpa ppl Yplln\A/tail 


Mpnafivp snprifir InF tn fish 


1 


7 


7 


45.4 


4 


Yes 


8 


M/75 


Abdominal pain, 
nausea, vomiting 


1 


Spanish mackerel 


Negative specific IgE to 
mackerel 


5 


5 


5 


46.4 


4 


Yes 


9 


M/38 


Urticaria, dispend 


3 


Yellowtail, snapper 


Negative skin test to fish 


5 


13 


6 


8.19 


3 


No 


10 


F/42 


Abdominal pain, 
nausea, vomiting 


1 


Yellowtail 




5 


4 


4 


81.7 


5 


No 


11 


F/56 


Abdominal pain, 
nausea, vomiting 


1 


Flounder 




5 


6 


5 






Yes 


12 


F/B8 


Urticaria 


1 


Mackerel, Yellow- 
tail 


Negative skin test/specific 
IgE to mackerel 


1 


1 


3 


4.63 


3 


No 


13 


M/49 


Urticaria 


1 


Oyster 


Negative specific IgE to oyster 


1 


1 


8 


7.76 


3 


No 


14 


F/4B 


Nausea, vomiting 


1 


Squid 




7 


12 


8 


74.9 


5 


No 


15 


M/52 


Urticaria 


1 


Unknown 


Negative skin test to fish 


13 


8 


5 


28.6 


4 


No 


16 


M/62 


Abdominal pain, 
diarrhea 


1 


Unknown 




5 


13 


4 


27.5 


4 


Yes 


17** 


M/47 


Abdominal pain, 
urticaria, dyspnea, 
angioedema 


1 


Snapper 


Two Anisakis larvae extracted 
from stomach, negative skin 
test/specific IgE to fish 


5 


8 


4 


100 


6 


No 



Positive control, 1 mg/mL histamine. 

*Reference"; **Reference^l 

ESP, excretory secretory product of Anisakis spp. 

Table 3. Sensitivity and specificity of various immunological tests for the diag- 
nosis of gastroallergic anisakiasis 





Sensitivity 


Specificity 


Serum specific IgE (ImmunoCAP) 






High titer (Class 4-6) 


86.8 


82.4 


Low titer (Class 0-1)* 


64.0 


100.0 


Skin prick test (Wheal >4mm) 






Crude extract 


88.2 


69.6 


Excretory secretory product 


76.5 


80.7 



*Excluding gastroallergic anisakiasis. 

to other parasitic infestations, which are rarely encountered in 
developed countries, the incidence of anisakiasis may be in- 
creasing due to the growing popularity of raw seafood dishes 



worldwide.'"* The host sea creatures of Anisakis spp. appear to 
be extremely diverse, which suggests that, in theory, almost all 
raw seafood could be infested. In Jeju, an analysis of 107 acute 
anisakiasis cases foimd that affected species included cuttlefish, 
yellow corvina, sea eel, ling, fatfish, yellowtail, scabbard fish, 
sea bream, common octopus, and others. In particular, yellow 
corvina, sea eel, Ung, and yellowtail were the most common.'' 
While exposure to Anisalcis spp. antigens may be unavoidable 
for habitual consumers of raw seafood, there have been no re- 
ports of gastroallergic anisakiasis resulting from cooked seafood, 
suggesting that the associated antigens are either heat labile or 
produced only by live larvae. 

The gastrointestinal symptoms of acute gastric anisakiasis had 
long been considered a consequence of the physical and me- 
chanical frritation caused by worms penetrating the gastric mu- 
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cosa. It was therefore suggested that diagnosis of this condition 
should be made by direct visualization of the larvae via upper 
endoscopy, with a recommended course of treatment being 
mechanical extraction of larvae/ However, the physical and 
mechanical irritation caused by acute gastric anisakiasis may 
be much milder than that caused by a forceps biopsy during 
upper endoscopy. 

Asymptomatic cases of Anisakis spp. infection may be more 
common than previously thought, as incidental findings o{ Ani- 
sakis larvae in the gastric or duodenal mucosal surface are oc- 
casionally seen in this region by experienced upper endosco- 
pists. In these patients, endoscopic examination was performed 
because of minor dyspeptic symptoms or as part of an annual 
health checkup. In some cases, penetration of the larvae through 
the intestinal wall was observed. In a patient receiving perito- 
neal dialysis, a foreign body was found incidentally in the efflu- 
ent dialysis fluid and Anisakis spp. larvae were confirmed." 
Therefore, the gastrointestinal symptoms of acute gastric anisa- 
kiasis might not be a consequence of mucosal penetration by 
the infesting larvae. As found with other food hypersensitivities, 
repeated exposure to Anisakis spp. is required before sensitiza- 
tion occurs. Given that specific antibodies to Anisakis spp. lar- 
vae can be induced in an animal model,^" seropositivity might 
simply be a result of repeated, incidental exposure to Anisakis 
spp. antigens. 

Two distinct phenotypes of Anisakis spp. infection are hypoth- 
esized based upon differences in the host immune response to 
antigens. When exposed to Anisakis spp. antigens, a potent IgE- 
mediated response may result in a systemic allergic reaction 
leading to improved clearance of the infecting larvae. This hy- 
pothesis is consistent with clinical findings, as larvae are rarely 
observed during upper endoscopies, while allergic symptoms 
are common. Atopic individuals exposed to Anisakis spp. anti- 
gens might be easOy sensitized and protected from acute gas- 
tric anisakiasis. Alternatively, failure to mount a sufficient IgE 
response against invading parasites could limit expulsion, re- 
sulting in acute gastric anisakiasis.^'''^^ 

The sensitization rates to Anisakis spp. in the general popula- 
tion range from 0.4% to 10%,"'^^ and can reach 20% depend- 
ing on atopic status, occupational exposure, and frequency of 
raw seafood consumption.^'' In a multicenter study in Italy, the 
sensitization rates differed markedly from 0.4% in inland resi- 
dents to 12.7% in coastal residents, suggesting that difference in 
anchovy-eating habits between the 2 regions may have affected 
the sensitization rate.^* In a Korean study, the seroprevalence 
was reported to be as low as 5% to 6% with crude and ESP anti- 
gens measured by ELISA. This rate is far lower than that detect- 
ed in this study, although differences in the sensitivities and cut- 
off values used may make comparisons between these 2 studies 
difficult. In this study, sensitivities and specificities were deter- 
mined using a skin prick test; however, this method has not 
been standardized in terms of the protein concenttations used. 



Detection of Anisakis spp.-specific IgE may be useful for the 
diagnosis of gastroaUergic anisakiasis. Among patients present- 
ing with typical symptoms and signs of gasttoaUergjc anisakiasis, 
prior sensitization may be a reliable indicator of disease, with 
gasttoaUergjc cases more commonly seen in patients with high 
serum Anisakis-speciSic IgE. Although the skin prick test is a 
simpler and less costiy method of detecting sensitization, we 
recommend Anisakis spp.-specific IgE tests using ImmunoCAP* 
as a diagnostic test in clinical settings. 

Compared with the relatively high sensitization rates to Anisa- 
kis spp. antigens as a causative agent of food hypersensitivity, 
the prevalence of symptomatic anisakiasis is extremely low, 
suggesting that a large number of patients exposed to Anisakis 
spp. antigens do not experience clinical symptoms.^'''^'' Specific 
IgE for Anisakis ESP was detected in 87.5% of the endoscopical- 
ly proven cases of acute gasttic anisakiasis, but in only 10% of 
the normal conttols. Specific IgE was detected in 75.0% of case 
subjects with mackerel-induced hives without gasttointestinal 
symptoms, but in only 8.3% and 10.0% of patients with urticaria 
of imknown origin and the normal conttols, respectively." 

Surgical or endoscopic removal of larvae is the only effective 
tteatment available for acute gasttic anisakiasis.^'^ '' Upper en- 
doscopic examinations were conducted in 4 of the 17 cases de- 
scribed in the present study. Suspected lesions were observed 
in 2 cases and 2 larvae were removed in 1 case. In most cases, 
the symptoms and signs were conttoUed by medical tteatment. 
Even in the case of direct visualization and removal of the lar- 
vae, the majority of clinical symptoms were conttolled using 
epinephrine, glucocorticoids, and antihistamines prior to en- 
doscopic removal.^' In other case, she was tolerated for 15 hours 
after raw seafood ingestion with medical tteatment except for 
epigastric pain, which was relieved by upper endoscopic re- 
moval of > 200 larvae from her stomach.^'' 

From the perspective of food hypersensitivity, the symptoms 
of gastroaUergic anisakiasis are similar to those of other food 
hypersensitivities. We therefore cautiously suggest that stan- 
dard treatments for food hypersensitivity may be effective in 
patients whose symptoms and signs mainly suggest a hyper- 
sensitivity reaction, although further investigations should be 
performed. 
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